Diablo Canyon power plant site ecological study Quarterly Report no. 10; October - December 31, 1975 by Gotshall, Daniel W. et al.
S t a t e  o f  C a l i f o r n i a  
T h e  R e s o u r c e s  A g e n c y  
DEPARTMENT OF FISH AND GAME 
DIABLO'CANYON POWER PLANT S I T E  ECOLOGICAL STUDY 
QUARTERLY REPORT NO. 10 
OCTOBER - DECEMBER 31, 1 9 7 5  
D a n i e l  W. Gotshall 
L a u r e n c e  L. L a u r e n t  
and 
F r e d  E. Wendell 
PACIFIC GAS AND ELECTRIC COMPANY 
COOPERATIVE RESEARCH AGREEMENT 5-11-75 
MARINE RESOURCES 
A d m i n i s t r a t i v e  R e p o r t  No. 76-7 
J u l y  1 9 7 6  
DIABLO CANYON POWER PLANT SITE ECOLOGICAL STUDY 
. QUARTERLY REPORT NO. 10  
October 1 - December 31, 1975 
- 
Danie l  W. Go t sha l l  
Laurence L. Laurent  
Fred E. Wendell - 2/ 
ABSTRACT 
F i e l d  work dur ing  t h e  q u a r t e r  inc luded  surveys  of permanent 
and random s u b t i d a l  and i n t e r t i d a l  s t a t i o n s .  A t  permanent 
s u b t i d a l  s t a t i o n s  d e n s i t i e s  of t h e  brown a l g a e  Laminaria and 
Nereocystis decreased a s  d id  d e n s i t i e s  of g i a n t  r e d  s e a  urchins ,  
Strongy Zocentrotus franciscanus. 
Counts of  s m a l l  i n v e r t e b r a t e s  w i t h i n  one-quarter meter square  
(+-I$) quadra t s  a t  random s u b t i d a l  s t a t i o n s  were begun. A t o t a l  
of 32 quadra t s  w a s  completed. BaZanophyZZia eZegans was t h e  
most abundant and most common animal encountered. The annual 
s u r f a c e  count of b u l l  k e l p  (Nereocystis) was not  p o s s i b l e  because 
of t he inc reased  dens i ty ;  i n s t e a d  we u t i l i z e d  s u b t i d a l  counts  t o  
e s t i m a t e  t h e  s u r f a c e  canopy. An e s t ima te  of 33,000 p l a n t s  was 
made f o r  t h i s  y e a r ' s  canopy; t h i s  compares w i t h  a c o u n t o f  18,000 
p l a n t s  l a s t  year .  Sampling of random i n t e r t i d a l  s t a t i o n s  f o r  t h e  
Davidson pe r iod  began; 15  s t a t i o n s  were surveyed. I n  a d d i t i o n ,  
permanent i n t e r t i d a l  s t a t i o n s  1, 2 and 3 were survey,ed f o r  abalone 
d e n s i t i e s .  
The. s ea  o t t e r ,  Enhydra Zutris, herd  cont inued t o  occupy t h e  a rea  
around Po in t  Buchon. 
In November d a i l y  obse rva t ions  were i n i t i a t e d  on foam l o c a t i o n  
and abundance i n  Diablo Cove. 
I/ Marine Resources,  Admin i s t r a t i ve  Report No. 76-7 
- 
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This  i s  t h e  1 0 t h  q u a r t e r l y  r e p o r t  submit ted i n  p a r t i a l  f u l f i l l m e n t  
of Research Contract  N. 5-11-75 between t h e  Department of F i s h  and Game 
and t h e  P a c i f i c  Gas and E l e c t r i c  Company. Through t h i s  c o n t r a c t ,  t h e  
Department of F i s h  and Game i s  t o  conduct e c o l o g i c a l  monitor ing s t u d i e s  
t o  determine what changes have occurred  s i n c e  1970 and 1971 i n  t h e  
b a s e l i n e  inventory  of t h e  marine b i o t a ,  w i t h  s p e c i a l  r e f e r e n c e  t o  f i s h e s  
and abalone. 
Quar t e r ly  r e p o r t s  w i l l  b e  followed by annual  r e p o r t s .  F u l l  t a b l e s  
and s p e c i e s  l i s t s  w i l l  b e  inc luded  i n  each annual  r e p o r t .  
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INTRODUCTION 
F i e l d  work dur ing  t h e  per iod  inc luded  q u a n t i t a t i v e  surveys  of  t h e  
1 I micro" community a t  random s u b t i d a l  s t a t i o n s ,  survey of permanent sub- 
t i d a l  s t a t i o n s  and random and permanent i n t e r t i d a l  s t a t i o n s .  The 
commercial s e a  urchin  f i s h e r y  was a c t i v e  aga in  bu t  a t  a  r e l a t i v e l y  low 
l e v e l .  Commercial abalone d i v e r s  were i n a c t i v e .  Beginning i n  November, 
d a i l y  obse rva t ions  of foam l o c a t i o n  and abundance i n  Diablo Cove were 
made. 
OPEUTIONS 
Permanent S u b t i d a l  S t a t i o n s  
Methods 
We were n o t  succes s fu l  i n  r e l o c a t i n g  s t a t i o n s  8 o r  10; s t a t i o n s  9, 
11, 12 and 16  i n  Diablo Cove were surveyed a s  w e l l  a s  Control  S t a t i o n s  
6 ,  7  ,and 15 (F igure  1 ) .  
Resul t s  
I 
Dens i t i e s  of Laminar4a dentigera and Nereocystis Zuetkeana i n  Diablo 
Cove decreased from summer d e n s i t i e s ;  f o r  L&n&a t h e  mean pe r  m2 
decreased from 1.07 t o  0.30 and f o r  Nereocystis t h e  mean changed from 
1.79 t o  0.30. The mean d e n s i t y  per  m2 f o r  Pterygophora caZifornica 
increased  s l i g h t l y ,  1.96 t o  2.19. A t  Control  S t a t i o n s  t h e  d e n s i t i e s  of  
a l l  t h r e e  s p e c i e s  decreased.  
Changes i n  d e n s i t i e s  f o r  t h e  fo l lowing  major i n v e r t e b r a t e  s p e c i e s  
i n  Diablo Cove were noted: Astrae gibberosa (0.09 t o  0.18 pe r  m2), Cancer 
antennarim (0.02 t o  0.01 p e r  m2), HaZibtis rufescens (0.00 t o  0.01 pe r  
2  
m2) , and Strongy Zocentrotm franciscanus (0.62 t o  0.39 p e r  m ) . Astraea 
2 increased  i n  d e n s i t y  a t  Control  S t a t i o n s  (0.01 t o  0.02 pe r  m ) whi l e  
D i r b l o  Canyon  
orth D iab lo  Cove 
Diablo  Point in ter t ida l  South Diablo  Cove 
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FIGITRE 1. Location of random s u b t i d a l  and intertidal areas -- Diablo Canyon 
. 
power p l a n t  s i t e .  
g i a n t  r e d  s e a  u rch ins  and r e d  aba lone  decreased i n  d e n s i t y  2.48 t o  2.04 
and 0.01 t o  0.00 per  .m2, r e s p e c t i v e l y .  
Random S u b t i d a l  S t a t i o n s  
Methods 
W e  made counts  of s m a l l  i n v e r t e b r a t e s  ("micro" counts)  w i t h i n  
randomly placed k-m2 quadra t s  a t  e i g h t  of t h e  random s u b t i d a l  s t a t i o n s  
i n  Diablo Cove. These counts  should a l low u s  t o  document f u r t h e r  changes 
i n  t h e  Diablo Cove s u b t i d a l  community.. 
Resu l t s  
Four quadra t s  were sampled a t  each s t a t i o n  f o r  a  t o t a l  of 32 samples. 
We have i d e n t i f i e d  53 s p e c i e s  of  i n v e r t e b r a t e s  r ep re sen t ing  a l l  of  t h e  
major phyla  and have c o l l e c t e d  many more s p e c i e s  y e t  t o  b e  i d e n t i f i e d  i n  
t h e  l abo ra to ry .  The cup c o r a l ,  BaZanophyZZia eZegans, was t h e  most 
abundant and most common animal observed (Table 1 )  followed by t h e  
polychaete ,  Diopa-tra o T t a .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  l i n e d  
ch i ton ,  ToniceZZa Zineata, a s  p red ic t ed  i n  our  1974-75 annual  r e p o r t ,  was 
cons iderably  more abundant i n  t h e  k-m2 samples than  our  random macro 
surveys  would ind ica t e .  The mean d e n s i t y  of t h i s  c o l o r f u l  c h i t o n  a t  
macro s t a t i o n s  i n  Diablo Cove w a s  0.06 p e r  m2 whi le  t h e  k-m2 quadra t s  
2 yie lded  a  d e n s i t y  of 7.24 pe r  m . Small red  abalone were encountered i n  
two of t h e  quadrats .  
B u l l  Kelp Census 
Methods 
The d i s t r i b u t i o n  of b u l l  ke lp ,  ~ e r e o c y s t i s  Zuetkeana, w i t h i n  Diablo 
Cove was s o  ex tens ive  and dense t h i s  year  t h a t  no annual  sho re  count of 
t h e  s u r f a c e  canopy was at tempted.  I n s t e a d ,  a  t o t a l  popula t ion  e s t i m a t e  was 
generated u t i l i z i n g  counts  from 27 random and permanent s u b t i d a l  s t a t i o n s  
surveyed between June and October 1975. Eight  a d d i t i o n a l  randomly s e l e c t e d  
s t a t i o n s  were a l s o  surveyed f o r  b u l l  ke lp  t o  supplement t h e s e  da t a .  
Resu l t s  
The mean number of b u l l  k e l p  p e r  m2 and t h e  95% confidence i n t e r v a l  
from t h e s e  35 s t a t i o n s  was 2.6 + 0.87. Expanding from t h i s ,  a t o t a l  popu- 
l a t i o n  e s t ima te  of 339,160 p l a n t s  was made assuming Diablo Cove t o  be 32 
2 
a c r e s  (129,500 m ) i n  a r e a  (Burge and Schu l t z  1973).  
Discussion 
Because t h i s  i s  a t o t a l  popula t ion  ( i . e .  s t and ing  crop)  e s t i m a t e  r a t h e r  
than  an e s t i m a t e  of mature p l a n t s  comprising a s u r f a c e  canopy, a comparison 
wi th  e a r l i e r  s u r f a c e  canopy censuses i s  d i f f i c u l t .  Las t  y e a r ' s  canopy 
count was s l i g h t l y  over 18,000 p l a n t s .  However, a t o t a l  popula t ion  e s t i -  
mate made u t i l i z i n g  t h e  12  permanent and random s u b t i d a l  s t a t i o n s  surveyed 
w i t h i n  t h e  same time frame (June-October 1974) was 194,120 p l a n t s .  I f  
t h i s  rough 1:10 r a t i o  i s  app l i ed  t o  t h e  1975 d a t a , ' t h e  s u r f a c e  canopy 
would have approximately 33,000 p l a n t s ,  o r  a lmost  twice  t h e  1974 sho re  
count f i g u r e  f o r  b u l l  kelp.  
I n t e r t i d a l  Surveys 
Methods 
During t h e  q u a r t e r ,  sampling f o r  t h e  1975-76 Davidson pe r iod  began. 
A t o t a l  of 1 5  random s t a t i o n s  was surveyed: e i g h t  i n  t h e  Cont ro l  Area 
and seven i n  Diablo Cove. I n  a d d i t i o n ,  surveys  on permanent s t a t i o n s ,  
numbers 1, 2 ,  and 3 were conducted. 
Resu l t s  
So f a r , , t h e  counts  from t h e  random s t a t i o n s  i n d i c a t e  no s i g n i f i c a n t  
Table  1. Numbers, Frequency o f  Occur rence ,  and 95% Confidence I n t e r v a l s  f o r  
S e l e c t e d  I n v e r t e b r a t e s  a t  Random S u b t i d a l  S t a t i o n s  (4 m2) - Diablo 
Cove - Diab lo  Canyon Power P l a n t  S i t e  - September 1975. 
Sum P e r c e n t  ~ e a n /  95% Confidence 
SPECIES f r e q u e n c y  % m2 i n t e r v a l  
BaZanophy ZZia e Zegans 512 87.5 16.00 2 6.29 
Pateria miniatu 46 65.6 1.44 2 0.65 
Lomrhyncus crispatus 5 15 .6  0.16 2 0.13 
Pagurus spp.  1 2  21.9 0 .38 2 0.35 
Acmaea mitra 4 4 59.4 1.38 2 0.78 
Astraea gibberosa 
Homo Zopoma Zuridwn 
Bo Ztenia vi Z Zosa 6 1 5 . 6  0.19 2 0.17 
d e v i a t i o n  from s p e c i e s  composition and abundances r epo r t ed  from previous  
surveys.  However, t h e  aba lone  survey  of permanent s t a t i o n  t r a n s e c t  3A, 
when t h e r e  was an  apparent  d e c l i n e  of b l ack  abalone, HaZiotis cracherodii, 
a f t e r  t h e  1974 copper-ion d i scha rge ,  revea led  a resurgence of t h i s  
animal "s  numbers. The January 1975 a f t e r - m o r t a l i t y  survey revea led  0.12 
b l ack  abalone pe r  m2 down from an average of  0.35 per  m2 dur ing  t h e  
previous  3 yea r s ,  wh i l e  t h i s  l a t e s t  survey showed 0.53 b l a c k  abalone per  
2 m . This  i n c r e a s e  probably r e p r e s e n t s  a "lebensraum" phenomenon, a 
f i l l i n g  of a vacant  h a b i t a t  by abalone from more crowded surrounding 
a reas .  
Sea O t t e r  
Resu l t s  
Within t h e  a r e a  surveyed, s e a  o t t e r ,  Enhydra Zutris, remained 
r e l a t i v e l y  s t a b l e  dur ing  t h e  dur ing  t h e  q u a r t e r .  The mean weekly 
counts  were as fol lows:  October,  45 2 2:.Nove1nber, 46 2 2;  and Decem- 
b e r  48 + 17. Most forag ing ,  feeding ,  and r a f t i n g  a c t i v i t y  were observed 
n e a r  t h e  P o i n t  Buchon a rea .  A few anima1.s were observed a s  f a r  south  a s  
ou r  North Control  Study Area. Observed feeding  a c t i v i t y  du r ing  t h e  
q u a r t e r  was s l i g h t .  Of t h e  seven food i tems  observed be ing  consumed 
t h r e e  were i d e n t i f i a b l e :  one abalone,  one s e a  urchin  and one crab.  
Commercial Sea Urchin and Abalone F i s h e r i e s  
Resu l t s  
Both commercial f i s h e r i e s  were r e l a t i v e l y  quiescent  du r ing  the-  
q u a r t e r .  The commercial s e a  u rch in  f i s h e r y  a c t i v i t y  was very  spo rad ic  
wh i l e  no commercial abalone f i s h i n g  e f f o r t  was noted. 
Dredging A c t i v i t i e s  
Dredging of  t h e  I n t a k e  Cove a r e a ,  which had gone on f a i r l y  con- 
t i nuous ly  s i n c e  e a r l y  1974, was h a l t e d  when P.G. & E. rece ived  
permission from t h e  S t a t e  Land Commission t o  remove t h e  dredge t h i s  
November. Although a  g r e a t  d e a l  of e f f o r t  and money were spent  i n  
dredging, l i t t l e  progress  toward r e s t o r a t i o n  of t h e  Cove was ever  
noted by us. We came t o  t h e  conclusion t h a t  dredging would have no 
c u r a t i v e  e f f e c t  on t h e  damage done by sloppy cons t ruc t ion  and removal 
of  t h e  i n t a k e  s t r u c t u r e  cofferdam. However, had no s i l t a t i o n  occurred 
dur ing  t h e c o n s t r u c t i o n  phase, we deem i t  q u i t e  l i k e l y  t h a t  t h e  q u i e t  
body of water  formed by t h e  i n t a k e  breakwaters  would have been subjec ted  
t o  cont inuing  and r a p i d  s i l t a t i o n  from bo th  t e r r e s t r i a l  and marine 
sources.  We w i l l  cont inue  monitor ing t h e  I n t a k e  Cove wi th  p e r i o d i c  
reconnaissance d ives .  
1 Surface  Foam 
Methods 
A f t e r  i n i t i a l  cool ing  system t e s t i n g ,  i t  became apparent  t h a t  
discharge-produced s u r f a c e  foam might be  a  f a c t o r  i n f luenc ing  t h e  
i n t e r t i d a l  and nearshore  marine environment. The foam was apparent ly  
produced by c a v i t a t i o n  and a g i t a t i o n  of coo l ing  water  a t  t h e  d ischarge  
s t r u c t u r e .  Resumption of  cool ing  system t e s t i n g  began November 10,  1975. 
On November 7, 1975, we i n i t i a t e d  a  survey of s u r f a c e  foam cond i t i ons  
wi th in  Diablo Cove. The survey inc ludes  e s t ima te s  of wind, swe l l  
d i r e c t i o n  and energy ( i . e .  swe l l  h e i g h t ) ,  a  map showing t h e  d i s t r i b u t i o n  
of foam a t  t h e  t ime of t h e  r e p o r t ,  and photographs of t h e  Cove f o r  
v e r i f i c a t i o n .  
Resu l t s  
The foam d i s t r i b u t i o n  p a t t e r n  w i t h i n  t h e  Cove was s t r o n g l y  i n f l u -  
enced by wind speed and d i r e c t i o n  a s  w e l l  a s  swe l l  he igh t .  With s l i g h t  
t o  moderate winds and swe l l  o u t  of t h e  nor thwes t ,  a  cond i t i on  which 
occurred  on 50% of  t h e  24 survey  days, foam was found w i t h i n  South 
Diablo Cove. Foam impinged a t  t i m e s  i n  t h i c k  pads upon t h e  i n t e r t i d a l  
a r ea .  With s t r o n g e r  winds o r  h ighe r  swe l l  ( 4  of t h e  24 survey days) 
t h e  foam r a r e l y  formed t h i c k  pads and appa ren t ly  d i spe r sed  quick ly .  
North Diablo Cove w a s  a f f e c t e d  only o c c a s i o n a l l y  by foam (3 of t h e  24 
survey days) when wind d i r e c t i o n  w a s  ou t  of t h e  south  o r  southwest.  
The southern  p o r t i o n  o f  Diablo Cove was t h e  on ly  a r e a  du r ing  t h e  
q u a r t e r  where foam was found w i t h  a  s u f f i c i e n t l y  h igh  frequency of 
occurrence t o  have any i n f l u e n c e  on s u b t i d a l  a lgae .  
APPENDIX I 
MAN-DAYS SPENT AT DIABLO CANYON POWER PLANT SITE 
October 1 - December 31, 1975 
S u b t i d a l  surveys:  October 1 - 3 
P a r t i c i p a n t s :  Laurent ,  Wendell, Cheap 
October 6 - 10  
P a r t i c i p a n t s  : 
P a r t i c i p a n t s :  
Gotsha l l ,  Laurent ,  Wendell, Cheap 
October 1 3  - 17;  20 - 24; 27 - 31 
Laurent ,  Wendell, Cheap 
I n t e r t i d a l  and s u b t i d a l  surveys:  November 2 - 8 
P a r t i c i p a n t s :  Go t sha l l ,  Laurent ,  Wendell, Cheap 
November 10  - 14; 17  - 21; 24 - 26 
P a r t i c i p a n t s  : 
P a r t i c i p a n t s :  
P a r t i c i p a n t s :  
P a r t i c i p a n t s  : 
Laurent  , Wendell, Cheap 
November 29 - December 4 
Go t sha l l ,  Laurent ,  Wendell, Cheap 
December 8 - 12; 1 5  - 19;  22 - 24 
Wendell, Cheap 
December 29 - 31 
Laurent ,  Wendell 
T o t a l  man-days dur ing  qua r t e r :  260 
T o t a l  man-days a t  s i t e :  19 7 
Boat-days l o s t  t o  weather:  4 
T o t a l  s t a t i o n s  surveyed: 15+ 
Trave l  t ime man-days 3 
Boat time (hours) 25.5 
Laboratory time man-days* 6 3 
* inc ludes  only  those  days spent  a t  Monterey o f f i c e .  
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